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Abitratt 

Conitmuunlt fiom toufcticxiim d or InWrnil to an InilnmMnt m*v d«- 
irid« lu criilcal wirKn and/or craatt an tnvuonmanl whkh IlnUu the 
Inilrumant'a fmcndid pcirormanct. AnaJyica havt been canlcd oul to 
inveiU|aie meihoda lo pranni the ingeatlon of exiemal conumlnanli Into 
the IniinrnMniand (o limit ibe «ITt(t of the •elf'ienerilcd coniaminanu 
durln||tound, launch, oiblUni and landinf plaiea of (U|hi. ttlipiopoied 
that a poaitfv* pieiaure and pu((ln| (low of clean |aa tniide ihr iniirumenl be 
maintained while on the (round, durtn| launch, and for a period of Ifane in 
orbit. Die prewure to be maintained and Ihe required put(ln| flow ate ex- 
amined In leima of the efTeciieeneaa in prcvenilni (aKoui and paniculate 
coniaminanu inieaUan and thv abatement of Ihe Mlf-ieneraicd coniaml- 
nania. Conaidcralloni hare been (Iren lo the rentln( requiremenla for the 
iirvciural imeptty of the inatitiment dutin( launch, the Umitatloni on Ihe 
roluiiN and the pteiaure of the put(ln( (u lo be canted aIon| In orbit, and 
the requitemenla to operate the butrumenl after a rcaaonable lime in orbit. 
The required rtniini area ii etubliihed baaed on the Internal rolumc of the 
inairument, the allowable prciautc dUTercniiil, and the rale of exiemal 
pieHuie chanie durtn( launch. RelaUonihlpt hare been derelopcd for Ihc 
lime dependence of the diffuiion of exiemel centamininie Into Ihe rotume 
in lerma of the rolume, rent area, depth of rent paaaate, rolume character- 
iaiie dimernioni, molecular maaa of contaminanta, and internal put(ln( prei- 
sure. The excluiion of paiiiculiica ia baaed on dta( foicn Induced by Ihe 
dtniiiy and reloclty of the purflnt (at. The rolumeitk flow requIreiiMnit 
ate eitabliahtd for the indicated rent irea and pui|lnt presaure. The ibile- 
meni of aelf-induced contamirulion ia predicated on the pertlal tuppteialon 
of the mautiila aui(aaaln} and the acatlettn( and iranaport of fia ptoducii 
out of the rolume by the pur(iii( denaiiy and flow. FuU internal oui(Miin( 
occutt when the ouiaide enrftonmenl haa implored, the put(in( ij itopped, 
and the inatrumenl li fully open. The rtiulia of the analyiii have been 
applied to a lelCKope which it very aentitire lo contenUnmt dcpoiitt on 
energy rt flcctin| surfacei and to other equiUy comamlnani teniiilvc ayatemi. 


conlamlneilon of an Inilrvmenl. The put|v can diipctM and prercnl the 
entranct of exiemal coniaminanu to cnilctl locMlona of the initrumcni 
while II ia on Ihr ground and during launch, reentry and the early houii iii 
thi lliihi when coniamlnaiion haiatdi arc ai their maximum. It can alto 
ptcveni Klf-contimiriation of the Inairument by r«ducin( the aut|atain| of 
the Iniemtl lurfacci, and by awetpirg oul ihoac ouigatacd moleculea and 
reiidual cenuminania from turfacei. The bcntftu, Umiuuona, and opera- 
tional piramcleri hart bean diKuaaed In the paper. An application of the 
purging la carried oul for a large icIcKopt which will be mahing tolar obier- 
vtUon from the Shuttle bay, Se«eial facioii which influence the choice of 
Ihe purging paiamelert hare been cximined, namely: (I) the renting le- 
quirementt neceiaaiy lo limit the prewuie differentiali cauaed by the rapid 
pRMure drop occurrtng during the tranaonic region of the launch, (2) the 
operational conitrainM on the length of lime during which the purging and 
the natural Klf-outgittlng of the iniirument can be accompllthed;(3) ihe 
quantity, volume end preiauie of the purgini gai which can be carried in 
orbit; (4) the gat (low which would not create in the bay a high preaiure 
white Ihe bay doort ace cloud; and would not be a touiceof piopultive 
effect. The anilytit examlnei the following paiimclert. (I ) the rent area 
requicementt for the launch condilioni;(2) the diffuiion of external gatet 
into a piettuiUed rotume vie a vent paiaat(;(3) the partial pieHoic of ex- 
ternal gaua which can build-up in a volume under purgini condltioni;(4) the 
outgaailng of maletiali In the volume under preuure;(S) the dcpoiii of con- 
laniinent and lii effect on the abaorptive property of the iurface;(6) the flow 
requiremenu to maintain a prewuie in the volume and finally, (7) the iizei 
and velociiiea of partlculalea which can be Hopped and blown away by the 
purge gu velocity and dcniity . The raiulta of (ha purgini analyiii aa applied 
to the tcIcKopc protection during ground launch, orbit and deoibi ‘ng phatei 
of the flight ate reported. A lummary and recommendation complelei the 
paper. 


Introduction 

An iniirument or a lyitem may be degraded by giKoui end patilcu'ate 
maicfiala depoaited on III Internal or exiemel turfacei. The degradation rc- 
iulia from changei in thetmo-opiical propertlea of the contaminated turfacei. 
The coniaminint modiftci the ibiorptlon, reflectance end Kallering of Ihc 
Incoming radiatlona. The Iniirument perfocmence may be degraded ilio 
becauae of abiorplion,rcemlMion and icaltcring of certain ridietlon by Ihe 
molecular and particulate medium in lit flctd-of-view. The contaminanta 
may ongUiaie from KvereJ aourcet: rtiiduea of machining and aaaembly oper- 
ation, handUng;txp«furt lo poUuied environment; releaK of weakly bound 
mokculci from malciiala under vacuum condltloni; cxhiuit produeti of 
nearby ptopuliivt or dlKhaige tyiiema; mlcromctcorltei impacii on ma- 
teriali; tbraalon of moving parla; oxidallon/degradatlon of materlalt ind 
othen. Many pitcautiona have been employed lo 'educe the |enetalion of 
ihox contanUnanu and their effecia in ipace tli|hii. However, tevcral have 
depended on the avilliMUty of lime to allow the environment to become 
acceptable and the Iniuumeni to diiiipate ita own outgtaaing and clean iiieir. 
With the adteni of the Shuttle, the environment of an Intirument located in 
in bay It aftecied by other nearby lyitema and by the many letvica funcilona 
to be performed by the Shuttle. In addition, the time available for an Inairu- 
mcnl alUched to (he Shuttle to aecompliah in miuion, haa been curtailed to 
Ihe order of weeki at lean for now. The delay lactic cannot he employed. 

On the other hand, the Shuiile haa provided many other benefllt: rcfllghn 
with lefoihithmenl of initrumcnta and iyilemi;handi-on In orbit for cor- 
rective acikma and aparxtlon;and, more impoiunl, 11 can carry many pay- 
loidi and ancillary dcvtcei and tyilemi. 


Venting Area 

The (low fleldi lurrounding a ilructurc during atmoipheric flighti produce 
piewure dlitribuUoni which determine the laiei of energy and maw itanifer 
through venta. The flow ratei through the vtnti are wniilive to the preaiure 
virialloni at the venli. Iniufricienl venting and improper lociiioni may tub- 
jeer a compaitmeni lo high prewuie differentiali and ttructural failurei. The 
difTeiential prewuiea can be limited by uaing fivorabte vent palhi, vent aieaa, 
otince confliuritioni and locitlont. A auilible approach to the veni of a 
compartment ia to dcaign the compartment lo have a flow teaponae lime com- 
parable or falter than the external flow field dlituibance lime. The author 
employ! Ihc foUowing lo eilimate the prewuie dirfeienllal at a volume piu- 
duced by an external prewuie drop rale dP/dt occurring at a baic prewuie P^. 
Aaauming laolhcrmal flow condiiiuni and imall picwurc dlffeientialt, (he 
conKrvalion of maaatpplled to the gaa In volume V venting through an ori- 
fice of area A and dirchiigc cocfflcieni Cp iid(pV)/d» • pvACp, where p 
gaa density and v iia velocity at the orince. Tlicdcniiiy in temw of 
preaiure and temperature using the gai law Is p « P/R T an d lla deri vative is 
d(j/dl • 1/RT • dP/di. The gas veluciiy is v « v^2gh • y'ilgf.iP/p) * 
V^iRTfAP/P). The subiiiiuiion of these exptessions in the above telaiimi 
where V, A and Cp ate conitanu. give 

^ >/2iRT(AP/P) (I) 


Solving for AP, one hii 


*Acfoipice Tc€hnolo|iil, InilrMinent Sysl«m Brunch, Initiumcnt Divliion 


I / V y iiip/dti" 


( 


;:i 


I 


Of ih* riiio of V/A Cjj whKii I piiMort dirr<i«nOid »htn liii #*- 

i«in«J piiKutt drop i«(* It dP/dl « P tnd iht p»hM(t it P - p uuvtn 
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^I|RT(P„iP/*3) 


“ >*'• •cctI.rt.Jon or ptwiy. R - 
29 I(m/K) U ilM |u oMittMt for tir tnd T(K) U tht |u icmptttiurt Th« 
orilk* cMrrkItnl Cq chi b« Itktn conttmilnly lo b« tbooi 0.6, li cm be 
wown itiM IhtM rcItUonthlptretat# ihe ibn« conitmi of (h* >olc.n«>orincc 
tyttem wjib «bt ilnM Involyid In the exumtl How field chm|e. The evilui- 
I on of Ihe nqulnd «tnl *ni rt«|ulni « knuwled|c of Pmd P„ md Ihe »p«. 
cllkaUon oftn tccepubit &P. EepetmienitJ meuMicmtnit oFpnHorti 
•tfiuti^ on » iptcecrert have been uitd lo ipeclfy ^md Pg, AltemeUvcIy 
(low feld mtlyMi b»Md on con(1|uraUon md Hijeetory of ih« vtMcIt 
piovided ihiM ptrimeien. 

The tbovt equtuon provldet ih. iU« of the nnt wee which edowi * cer- 

nigh U Units the Tent tnt cm be chm|td durin| c her phieee of lU|dti md 
on the irotind, the me Hie lo eiubUthed, becomet otKe to the purXe flow 
icquhemente md the protection i|tinit conWninmti la e lyitetn. 

Pbneirellon md DifTution ofm Een mil GuintoePieteuriied Vni„m. 

The mm Increwe «rilh lime into i .olyme V (cmh »te e film of thlcknes 

die e"iu*itlo“** '' ^ *** be eepieued by 


dt ’ d W-0) (4 

where 0 (cm^/t) It the diffution coefnclem of Ihe enterint |M tluouih 
mother gu tepnKntfng the film. The lolyiion of ihit eqytiloVfoe a - o 
el t " 0. which cm be eerifled by tvbiiiiutiont, ii o 

p • 0,(1-.“/^) 


where r - WDA (i) it the dme conitmt whkh correipondi to the time 

me!."n, f" ‘ r'e'^*^ " " <>^“*<0" eo*m«l«ni from kinetic 

Iheoiy of gteee, (reference l)ii 0 • kc/3 where c (cm/») |» the ieerege 

li given by c VTOTem md Ihe m.f.p by K • kT/e ^2 4*p where It It 
the Bolltmm coniUni tni* the chute leritUci of the gu m given by the 
icmpertiute T(K). the n Itr rntw m (g/molec). Ihe molecular di-meter 
0 (cm)md P(lorr) It the preiiure. IheexprcMion for the diffution coeffi- 
cient with ihete iubatUudont becomes 


page is 
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The lime ciiniiml fp - dV/AU ipplitthle to the dilfutjun ,.f t ut 

through t layer, d of tir into * eulumc V cm be wiiiien with the ibo., 
kubiUiuiiuni at. 


Vo) A 


’'P"' •“ •' 'he lime conntni ,i r„ - 

fp/0.2ep„) fdV/A) Thit etpieiiiun which renccli ihe preieure. the opening 
tret, tliepauage Ihkkncwand Ihe volume, hat been ploiltd ui Figure I in 
leimi of V/A and prettur. P. The plot It fur d - I cm ro that for other valuei 
ol d one mould muli.ply by d (cm) md foi other temperaiute and maiiei 
by the f«tio $h*' <*n by (h« lh«qr«lkM tquflttun fot D. 

The prcvlaui time contiml rellecii the pcncitaiion ihrough the cniimce 
lo the volume. Ii may be necewary for a large volume to contider the varia- 
tion of the deniliy p ai a lociiion 8 from the surface of the volume or m the 
pnHnicaae from the lurface Immediately after the entrance. Thia cm be 
etilinated oaTOg the time dependent, poi dimension diffusion equation 
dp/dt » Dd p/dx where D is the diffution coefficient. The solution of 
this tquaUon for the uniform diffuiion of the densliy p. from i large surface 
to a Nrfacc 28 dltimi from It it (refetence I , pap 581). 

. I ® r e‘<’'^D/4i;*)i , 

Po ^ L 


^ ,-(28n»D/<l«J)i 




It U shown that for Dl/«’ > 0.089, the second term in bracket „ (*„ ,h«, 
2%Qr th« Hnt term. 

Hence for tong time i md relaUvely imilt 8, the solution to t firit approai- 
mitlon cm be written as 
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wherer,j • 48 (tr On a characieriuic lime. Fori - the dentiiy is 
p a 0.70 Pp. so Tq hta not the same ilpiincmce of the time conatini dc- 
Imed aa the lime whan p a 0.64 pp. The error which wUl be made wiili the 
iMumpiion that the ehanctariallc time has the aime meming of the uiual 
time conilani, cm be delermlncd by lu compiriaon to the penetration time 
conatml. Thia pHudo-time conilMl cm be expreiaed with the substituiiun 
forOaa 


D .1 L 
3 a^P 


where N, the Avogadro number md M the mole mate have replaced m • 

M/N. An equivalent value or reduced maiaof M md 4 is needed to calculate 
the diffusion cotfllcienl of two gaaci. The diameiti 4 muii reflect combined 
force! between tlie two moleculei in addition to Ihe molecular liter. Experi- 
mental data ate avulsble in the llteiaiure (tefetencei 2 and 3) giving the coef- 
ncieni Dp for Mveral combinatluni of gaaei at a temperature Tp and ptesaute 
Pp. An approximate value of the coefficient at different lempeiature T and 
preti Pand for (he giaes having an equivalent molecular mass M cm be caleu- 
latcd by modifying the theuretlcal expreiaion for D. i.e 




The expeitmcni&l vaJue of 0^ for II^O ttiffutiqg mto air at atmoiphrnc 
prfMUfe(P^"76f>torr)MUlatT 20 * 2^}K H 
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TIMP CONSTAMT. Tp fDAVSJ 



lig. 1 timec.initani lor penetration ol HjO in a volume V (in ’ ) wiilt an 
at preMuie (loir) via an iqieningol area A (m^) and depth d (cut 



TIME CONSTANT, j IDAYS) 



Hi* hM b«n ploilcd In FI(mi« 2 fur Itii dlffutiun urwuicr ».po, uilu 
«lf *1 20 ( ir KiiJii uf liie pitwMic P utd fui K vmjtUii (Vum 0.2 oi lo « m. 

Wiu> 0i( ,bo*» luumptlufii. lh« igid timt co.iiiuii r for t p. lo 
lm« ihc tnuuioi qf (ht folunM. nil li qp «nd dllTMM lo « dUimcq (!. Ii Ui« 
•urn of «h« iwo ilmt coniunu tinea tli« lion rtiliunui iit w Mriu or 
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A «ocnpinscn of Uw itiImci of rp and can ba obiaintd by uiln| ihtM data- 

«-2.5m, P-760 tow .ind D_- 

0 .4 <m It. TheK»alu«ai«t»pr4Mnuiivtofihf (hutclebayaiidilieiimq 

coniianti whkh may lapitiani the lima for itia diffuilon of waia.t vapor In 
tht thuitlt bay at iha nonnal condiuon orptauutt and icmptiaiutc. Ii u 
found tliai Tf la about 33.7 dayi and fo about 040S day indkaiin.t a total 
tuna coniunlofaboui 34dayi. Tha ttma coniiant, dlarautdini tba dlffu. 
.Kin. wouM b. about 3.6day.*ithd - lO'^ m. Thiacomparaafa^lS ,o 
he tuna contlinti obtained from a Mrlaaof eapaiimeniion humidiiy Infil- 
ttaiioo in a volume via tUn orinceafteference 4). 


Equilibrium Pawial Ptai aurt of a Contaminant Cm In a Volume 
Undaf Punttna Condition ~ 


Tha pniaura P of a |aa at piaaiur* P^ inlUtraUni and dilTuiini i.i a 
volu na. wtdl# a pur(in| flow Q la opporini tha Inflllietlon.can ba obiaSied 
clZ?* • *"« balanaa In the volume under hoiharmal 



C0*o~P)-QP 


(13) 


where Cla tha condueunca for tha mflow of the cooiamlnani. RaarrarUni 

the aquaUon and nottni that C/V - 1/r (a tha Infiltration and diirudon time 
coniiant and Q/V - 1 /Ip la tha chan|a of puriad volume par unit time, the 

above equation can be written 



<l<) 



fi* 2 PjcHd(i.(ime contlam for HjU dilfunna t<> a ditltmrr l^m) in a larae 
Kcilon vnlume cnniauiln-j ai» at prcuurc Pfuiri) 


ORIQINAL PAGE r. 

OF POOR (;uiAi.»ry 

Ttua aquation tan be aulvtd lo provide the cuntaiiiuiam picwuie m the v.i|- 
umt aaa function of tune. However, the equdlboum maaunum piauuie 
which can occur when dP/dl - 0. will be 
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Ipet 


Po 
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If tp < r. and one Iporai in* dilTuilon portion of the infUtiaiion tun* tun- 
aianl. tha contaminant prcMure in tha volume aa (Ivan by the above rquation 
can b. approalmala by P ~ (D/p*d)P„ where 0 u (Ivan by equaimn f7). . 
la the exit valodly of iha pur(in| (a* at daniiiy p and d la the depth of the 

paiMia, 


effect of Ptataute on Outiataint of Malenali 

Tha oul|auin( of maieriali li charKletUcd by: 

• Tlia nature of the matanali for a (Ivan maienal, the uuiiaatuti ii a fuiu- 
lion of the lurface Ireaiment and the almotpheiic compoiition to 
which II waaeapoiad. 

• Tha ouliawini la proportional to tha lurface area and increaMi expo- 
nenllally with temperature and decraiMi ilowly with time and appar- 
ently never becomaa aaro at ambient lampataiure 

• The outiataint ta'e of a material la independent of the total laseout 
preiaure on the lurfice when ihla piawuie ii laia than about 10'3 ton. 
Thla behavior hai not been aiiabiished with complete certamty but it it 
valid aa a fim approximation. 

The affaci of ihc total pttaiuic on the om|aailn| can be evaluated by con- 
iiderini the “aurvival relaUon" whkh flvca the probibillty of the number of 
moicculea N out of a total N<, which wlU reach a dlaiance x from their ontui 
fiven ihai the mein free path of the |aa la The equation la N - N„ e"**^ 
The number of moliculei which will htvc made a coUialon and art icattcred 
wtlhln the ^atance x art. No - N - No(l - > lo that for x - X. 64* vf 
Iha moleculia wiU ba Kkliered. The mean free path or averafc diitence per 
collialon for i |ta at ^nilty n {cm-3),p,e„ute P(iorr) and lempetaluieTfK) 
It liven by X - l^/Ixo^n - kTA/lxo^P (cm) where k la the Bolumann 
contlam and o(cm) b the efTeclIvt molecular diameier. A plot ofXaa 
a function ofpreiaurea for Mveral laict la ihown in Fl|ure 3. A large tin 
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fna) 4 culi ur ■ t:h«in uf nmiKutat M UioM raliu«) by pulyiTMrtc miMtUli. 
would h«» « inoUtr ni<*n fit* p»ih lii»n th«l olTirtd by *14 or Nj *o ■ ■’nl- 
lu mulfcuU Th« miin fm piU> fw « N, put|ln| pctuure ii 1 loir U «boul 
tm Mid 64';iof lh« oul|UMd imjl«cukl would b« MMUud within 
Ihu dulMict A lM|* rtKiliin of UioM Kitlirid moltcujti would itluin lo 
Ihnii miIk* of or1|in ind iht oiii|uiln| iil* would b* laducid. Ftw d*u 
•r* ««iU«bt< 10 Indk'tit ih« ■•ducUon of ouiiawini or of dUUUpilon- 
tvipoiiilon •( IU|h loul pnMunii. PurfimMi(i«f«i<na« |,pi|« 2l>i*pOfU 
d«li qbitlntd by HlcIwiMifl on lh< dUilU»Bon of Oelott «l l<nip«r»iui» of 
36U, J*J ind 393K wlih rtiMuil klr pn.HU in on ihi OcioU »M>in| 
from 3x10^ to 5xl(T* loir. Thx dxu (how for ixxmpl* Ihxl wh«n th« wlu- 
riitd npor pinunt of th* OcioU wu 1x10'^ loii, *nd Iht xli pitHurt on 
Iht luific* wM SxlO'* lorr, Oit rxit uf dmUIxUon wh 20* of Oiti with x 
Kilduxi |u pitMurc of 3x10'^ loir Anoihcr tridenct of th* «ff*tfl of prti- 
lui* on itduclni ouipuini «un b« obuliMd by compMini ihc me of evxpu- 
rxiion of w»nt undn vKuum ud *1 Mmoiphtric pititun. A HinwmpMlctl 
equttion for th* t«*poi«llon of w»l«r per unit *rt* when the elmoipherlc 
pKHut* It Pgil lefeicnc* (S). 

*e (k^/hi/m*) (16| 

^0 

wheie aw 2d k|/hrfm^ for no wind condition* end or ■ 29 when wind cxiiii, 
P| i* the laiureiion vepor pntnir* of the wiier at lempemure T, end the 
vapor preuuie in ihe tir. Thl* equation can be compared to the rate under 
vacuum liven by (he Lanimuir equation 

- 5.833 X 10'* vW7T(1*,-Pv,) («/«m*/i) 

« 5.18xIO*(P,-P„) (k|/hr/m») (17) 


hai been mHad landuiniy within Iht |xt. It a pui|Ui| ii pitwnt thctc rii 
I titd nu)lti.ulai will be (i(o liantpuiltd by Ih* pui|Ui| flow 


Pitiiclti K*|ti;llon by a V*nl 

Tht vtiuciuti of paiilculaln appiuachuii an imiruniani may be 

• Temuoal vtloclutt of pariictta l*Uln| in a travity field ihiouph a med- 
ium at dentliy p and viicoNiy f|. Aathown in fi)|uie 5, ttrnnnal wlo- 
cilHt of lai|t piilicttl ("0.1 cm) may he 4-5 m/i at normal ambient 
condllloni. 

• Velifiliei which (he paillctei have acquired lioin ( paKoui medium at 
for example by wind or by cleaniuoiii mi fluwt. Pailiclei veluciiiei in 
honzuntal cleanioom lacilliieamay be o( ibe oidei of I m/i. 

• Velocitlei of parilclei piuduced by propultive lyilemt. Th*« pirhUei^ 
may approach ionic velocitlei or lupenonic velnciiiaafv *v^yRT/T-l 1 
orgaKiat T(K)wilh ipeciric heal raiioiT which can be iil ihe order ol 
2-3 km/». 

e> Velocities of parllclct ejected from the unpact of meicoiitei on lui- 
facet. Th* meteoritea may be trivelini at averai* veloeitict of IS- 
20 km/i. Some ejecta may acqulie lh*K velocitlei If th* melcontei 
have lufficienl eneijy to oveicome the vanoui forcei haldinp the paili- 
clei (van del Walli.Caulombtc.adheilon.cIc.) and to impait a kinetic 
enerpy to the leteaMd parilclei. However, It iieitimaied that in (cneral 
particlei leleiKd In orbll by the Shuttle are a few meteri per kc (refer- 
ence 8). 

• Veloclliet of parliclet ln|*iled via Shuttle fillen durinp teentry which 
could have viluet ippioachini reentry veloclliet. 


where M ■ 18(|/mole), T ■ 293K and P (loir). If one teti Py^ ■ 0 in both 
the equitioni, their riilo Indkaiei that 


In order to evaluate Ihe effeettveneu of a pur|in| |ti in picventuii 
particles from enierlni an Initrumeni via a vent ate*, the foUowlni tnalyiii 
hat been canted out. 


W. 


4.63 X l(T* 


( 18 ) 


where P^ (torr). This relation whkh hxa been plotted in Fliurc 4 for conven- 
ience, indicates that at P^ • 760, • 6.09x10"* Wy and the two mei are 

equal when P,, ■ 4.62xl(T* lorr. Accordbi| to reference (6) the rate of 
water evaporation at STPli probably KT^-IO"* the rate under vacuum and 
accotdlnf to reference (7) la about 10"* . In any cim, all these considerilioni 
ihow that the oui|xtiin| will be tcduced considerably under a total preuute 
which provides a small mean frea path. Two more effecuof hi|h pttMure are 
imponani. The survival telaliun shows also that the (lux p •> at a 

distance x from the source when the m.f.p. Is k, so at x ■ lOX for example, 
the contaminant oui|asiint Is a very small fraction of the surface fiux and ft 



TOTAL PReSSUne Imnl 


PARTICLE SIZEd 



Fi| 5 Fillint veluclly uf iphericaJ patlu lei in an 


Fig. 4 Etiimaied fitcliun of maximum rnateiial uulpaHlng rates as a 
funciton of Ih* total pririur* on the sutface. 
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rhr ttmiuitl «tlucll)r of • fklUnt pulicl* u iiblunid whtii Ui* ptilltlt 
w«t(|hl lh« dri| (mat on lh« puiicj* i.«., whin in| " Hq. Th« d(t| 
fo(t'€ II • (uncHon uf ih* lt«)fnol4’« numh«r R “ p»d/n 
T) lilt nifdum dcnilly ind vficniiiy i<ip«i.it>*ly, » (tn/i) and d (oi) 

*it «h* «ilut|ly and dUnwMr or lb* piiili:lt. Ib« dynwnii: iiucuMiy •■iMi 
with itinpaialuit >nd wUi vi/y with prtuuir whan iha panicle dlmaniiuni 
ail cnnipuablt lo tha mtar fiaa paih in lha (nadiuiii. Foi a R *< 10. Ihe 
drag foica li (ivan by Slukaa law, Fq • Imidv Foi 10 *. R <» |0*,(ha 
dia|i«F'u • Cp(ad^/4Vi»* whait Cp, iha dial oMlKcicnl It a roncllun of 
R and the thapa of the puucia (lafaianca 9). The lanninal vcluclllei a<a than 
givan by 





(19) 


ifStokci law applict of, in Ihe other caK by 


« 


I 



i>r* 

Cd 


(mfi) 


(20) 


In iheic ctfualioni pp (k|/m^) ii Ihe deniity of the panicle. If one auumei 
that t particle ia moving at • aetociiy thro jgh a |m mo«tn| in Ihe oppoiite 
direction at velocity v,,, the dra| force on the panicle will be Fp • k(v^ a v^). 
The coniiant k it the contunt In Siokei force end (v^ * v^) |i the velocity of 
the particle relative to the pa ftieam. The tquilibri'im equation in that cate 
will be k(v^ ♦ v^) • m|. If v^ « 0. then v^ " Vj, the leinunal velocity. For 
Vj * 0. dividing k(V|^Vf)«fn| by kV(nm|t, one obuintV|W(/v|«l. Thii 
indicaiei that to tlop the approachUii particle (V( •• 0). one needi a gat velo- 
city V| ■> ~v,. For the puip gaa to mike the particle tnove tway with a velo- 
city equal and oppotita Ihe terminal velocity (v^ ■ ~vt), one needi a purga 
pa velocity (v^ • 2vt), i.e., two timet the termintl velocity. 


For the cilculatione on the lUci of the pariiclei which can be iiupped by a 
purp now, one may attumc contervitivel /.that only ihote which can be 
given 1 velocity v^/2 ■ v( wUI be prevented from entering the initrumeni. Thii 
awumplion thould intuit that the aneillng will occur fir from the vent exit 
end compeniate for the fact that ihi above inalytia appUei to the cite 
of Sioket drag and nut die cik when the drag it proportional to Ihe tquaie of 
the particle velocity. With Iheic awumpUoni, the aUe of (he pirticlet which 
can be prevented from entering can be eirimatcd uiing the previoui equalioni 
for icrmlnil velociUci with the aubiliiuiion v^ ■ v^/2, i.e.. 


d 


^ISi} 


f>pt 2 



(m) 


(m) 


( 21 ) 


( 22 ) 


The appiopriate cquationi to be uted it determined by the Rcynoldi number. 
One may note (hat the maximum velocity of a pi at the ihioai of an orlHce 
will be 1 tonic velocity ("-}I0 m/i for Nttropn pi at nurmal temperature). 
So, cerrain particici moving at iheic velocitiet can be tiopped by Ihe purgUtg 
flow. 


Rejection of Neluial Alomt and Moicculct a t the Entrance of in 
Open Inttrument 

An inatruinent open to ipacc luch aa a tcIcKupe, itexpiiMd to the Ilux of 
Ihe natural atomic and mutecular gaaei. The flux which it the product of the 
dcniily and the relative velocity between the Inttrument and gii can be very 
high when the intlrvment la pointing Into the velocity vector of the ipace- 
craft, Ai recently reported In refeience (ID), nux'* of atomic oxygen at 
Shuith orbital allitudcthave been lufficienlly high to cai-ie oxidation anil 
aging of Mveral marerialt. The lotaet have been quire high conridering the 
relatively thiirt tune (^.1x10* tlexpotute of the tnaieiialt to Ihe high oxygen 
nuxet. 


The avoidance of ihCK high lloxet into an mtitunient or over a ttitfacc can 
he prevented with a low purging non-conratninating gat The purge gji niuti 
tcatter and tefleu the incoming gat wi'hin a . rinvenieni ditlance from a ctiti 
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cal lutface Ihii purging gaa, aa lauaunad Mi leletenca till, or by utiiig a 
modified "luiviv^ cquailuii" thould htve a itieaji (tee path 


where L (cm) it the ditlancc wiUrui which Ihe tcaiiciing hat m <nuii. 
V (cmfi) u Ihe purging gaa vtiucliy and v^ (ciii/i) the ielau>c velixiiy ol il>e 
naluial gaa with itapeci tu the intlrument ur tuilarc (v^ ~ A kin/t m llie vrlo 
city victor). The pietauie cuiictpundmg lo k it given by the lelaiiun indi 
celed pievtuuily or ublalned tfum Figure 1. 


Flow Rtquiiemenit and hair Flow Velixirirt 

The cunsaminaiion prevention apmil ptcuut and paiiiculaie conianun- 
antt cliher external ur miciiial to an Iniliunieni It predicated iiii the mieinai 
piCHuie and the exit velocity of the purging pi. The purging gat il eiihei div 
an or pteoui niirngcn. The quantity of puip gaa la a funcitun of itie «em 
area, A(m*) the picaaure to be maintained P (lorr) upiiieaiti of the vent aiea 
and the duwniueam pieiiuie Po(iQir). For an or nitrogen, when P„ 0 5.11* 
the vitcout How of gaa at ilandard pieuuie end lempeialuie (oPT ) fruiii an 
oiiHce with iniill pieuuie diffcicniiili ii given by 


Q - *Av • d'A •y2gRTo(P^^P„) (m’/i) <24> 


which ia obtained from the Torricelli equaiion. The coefricieni ii> which ac- 
cuunit for a velocity cucrflcienl and vena coniiacia, may vary from 0.64 to 
0.98 for an oriilce. The other paiameteiaaie the lempeiaiure of tlic pi 
Tq(K). the acceleration of gravity g (m/|2) and the gii coniiani R * 
29.26(m/K)rui ait. The flow velocity at the exit for the tame cundilioni ol 
P > 0.53Pii 


V - a^/2|RT„(?-Po/P(,) " 24a ‘-5> 


The velocity coefficient ct It about 0.98 for an orifice. The cumtnuuni gat 
flow rate at SFT when P^j < 0.53P It from the “FUegnei equitiun" uiing 
A(m^), T(K) end P(torr), 


Q ■ 4.34 Cp 



(m^/i) 


1 2b) 


where Cp II the dlKharp coeiTIcient. The above for * 293K leducei to 
0" 0.253 CpAP(m’/i) • 15,22 CpAPfmVmin) Thu equaUon nomial- 
Ued with the volume haa been plotted In Figure 6. The nuimalitatuin pio- 
videt the number ol volume chanpa per iinil time.QA^(m^/m*/min)ot the 
time needed for one complete volt’ine change ip • V/Q (inm) at a function of 
the putging preiaurei end the aUca of the orifice. The plot includci alao the 
flow required when molecular flow condiiiuna exUlt. Thu occuta when the 
pam.f.p. It about 10 timet the diameter of Ihe ounce. The flow of almu- 
iphetfc air at 20*Cia ihenQ “ 8.8 AP(mVmin). The exil flow veliKiiy for 
ihe continuum flow regime when P„ < 0.53P ii tonic at (he oiitkc and it 
given by 



tR3nv^ 


l.'Tl 


wheie7"Cp/cy " | .4 ii the reilo of thr ipcciric licaia Im ait, and <• 0 '»« 

ia the velocity coelflcientl. TTie other paraiiieteii are aa imlicaicd ahi.vc 


Conlamlnant Ikpotll i an d Ha Opi >cal I llcci 

The depoail on e lutfece by a coniatmnaiil with a vapor pieatuie Icat iluin 
the laiurated vapor pteiauie coiieaponding to the leniiviaiioe ol the viii.nr 
can be calimatfd uting tlie I anguiuii rqiialiim loi .idcoipln'ii "t nioi. ,i. , i 
rarely uamg tlie Ilf 1 relalm telerence ( 1 2). The I anmimii .idv.ipiMU, .m 
Iheiiii II 



Fig 6 Votuiiic air changes 0/V (min'*) vtiaus vent area vulume ratio 
A/V(m'' ) as a function of Internal prasaun. 


g . T>r - 7(S.»3 x 10-’vWn')r^e''/'''*' (g/cm^) 


(28) 


where t « I la a itkUngcoafnciant. • (g/cm*/i) li the nun of coniatnlnant 
implni^g on the wrface, M (gr/mote) it in molecular maaa. T(K) its temper^ 
alure, P (tort) iu partlaJ prtMura and r u a residence time of the molecule on 
the surface. The residence time la t ■ e^/*T a lO"' * (i) it an 

oscillation period of the molecule on the surface, E (cal/mole) Is the activa- 
tion or binding energy of the molecule on the surface at tempetature T(K) 
and R (cal/mokK) it the gat constant. The activation energy may have a 
value approximately the same at the heal of evaporation if the adeorplloji in- 
volvet physical forces and if many layers of depot,- ,s been accumnlaied 
on the sieface. Or, it may be several timet the heat i„ u-atutn if the ad- 
sorption mvuNet chemical bonding. 

For the case when the conUminani gas partial pieiture it greater than its 
raiutated vapor piciturt at the tutfaoe which exiata In general, when cryo- 
genic wrfacei arc present, Iht accumulation on the surface li e condtnHUon 
ptoerN and can be calculated by summing the net flux 


" (T*-*,)dt-k/ (7P-P,)dt (i/cm2) (29) 

"'‘o -^<0 

where « is the incident ilux end p, is the (lux orconlamininl departing the 
surface at its saturated conditions. 

The optics! effect of contaminant depusiti on a surface is difficult to eval- 
uate heesuse one must know the complex index of lefiacllon of the conli- 
minam and rubiliaie. The effect changes with the radiaiiun wavelength, the 
contsminini thicknesa and distribution on Iht surface. An tiiimalt of the 
ahtotpllon at certain wavelengths by contaminants can be obtained by apply, 
ing the kamberi relation. The Insa of incident Inlenily through a thickness 
I (A) of mAtcritl which hit *n «hsd>rpMon iKrrfncirnt W{A"^ ) cermln wive-- 
tmiihn \i 
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Ihe ibioiptiun c«||,c„„i will change ,f ih. ch»„,K,| natuie nl ,r,t dr,, .mi 
niiHlificJ by ccfiiifi uf cntigciic p*ini|ci 


App*iuMun 

The rciulti of the previuui anilyau have been applied to the coniarnuiani 
l^otecllon of a aolar talcicupa which wUI be carried in space by the Shuttle 
The lelitcape wiU remain in orbit lot ahum a walk and wiU be making sun 
abMrvalloni from iht .Shultla bay ,'uj|ir enitp in the lelrKupc wtil N very 
high and part of le mutt be itjcued via miitoit back into space ( .in- 
tanUnaniaon Ihuia suiftcci can affect ntgalivtly the lejcclion tequiicmrnis 
and intioduca Inilrumeni low of sensillvlty in several rtgiont of ihe ipecirum 
especially in the U.V. tegfon. The te'escope tube with communicanng vol 
umei hat teen eiiimticd to have a volume of about Ih m’ and to i- tboui 
h m long. The leleKupc closure dour which (or protective leasuns will re- 
main cloMd during ground, launch, initial oibiial phase and rciurn, has a tiia- 
ineter of 1,3 m. 


The calculalioni and application of the theory which foUow aie prelum- 
nary. However, they indicate that the proposed purging is feasible and can 
protect the telescope against gateoui and piiticulaie contaminants eatemal 
and Ini.fntl to the teletcopc, during the most critical periods of contammani 
haaards. These periods tre ground operations, launch, esriy hours in orbii 
and lalum from orbit. 

The results of the calculations which aie mdicsied below have been iliown 
in summery form in Table I. 


Telescope Tube Vent Area Requiremenit 

The vent area itquiied to prevent a hoop piessuce diffetenital across the 
lube can be citimaied from ei]uerion(3). With the assumption that the lube 
suuciuic can wllhatand a maximum AP » 0.25 pii (1 3 loir) while fly dig 
through the tra.tion(c regime of the (light it an ambient pressure of about 
14 psf and the rate of pressure drop U about 0.457 psl/s (reference 1 3). the 
required volume vent area ratio with a coefTIclent of about 0.6 is V/A " 
1.67x10 Cq-IO’. The required vent ires for V«l6m^ is then A *■ 
159cm (24.7 in^). TTiia total area will govern the entrance of coniaminanit 
and the purging flow through all of the operational phases of the telescope 
unless provisions arc made to limit the area during other operational phases of 
the initpiment. 


Ground hi rging Proleciiim 


If one decided to maintain i puip pccMuieufP" V73 ton (0.25 prig) in 
the telescope and the eninnee of conleminant la thiuugh the previously cal- 
culated 159.6 cm with an laaumcd pipe depth of d " 8 cm. the time con- 
stant for I conlaminani to Infllliiic the passage and diffuse to a location V • 

6 m away. U given by equation (12). The rime constant for water vapor 
which has a diffusion coefficient D,, • 0.24 cm*/i at 760 torr and normal 
temperaluie hat been calculated to be about 46.38 days wheie .19.2 days 
were taken by the conlaminani to move through the passageway. The tinie 
conilant for a contaminant having an M ■ 400 g/mole #fi| be 218 days. These 
are the lengths of time icqulied for the contaminants to build up to M T of 
their exieinsl concentration if no purging flow existed. However, ihe 
required flow of purge gis to mamiain 773 tort in the telcsc,>|ic with ilie t> - 
letnal pressure at 760 torr (14.7 psi) will be () - 0.53 tii’/t at SIP as « ak,i- 
laied uilng equation (24). Tlie exit velocity from equation (25) will he v - 
52.6 in/s and the time lor one change of viiliinie will he t - v/y - .10 n c 
TTie equillhtium maximum partial presture of umlaminant (M “ diM) g/iuulei 
which can exist in the ielesco()c will be 7.5x10'*’ of m external pressoie and 
fur water vapiif 1.1x10 * These weie calculated using cqusium < I 
nierelorc, tliere should he no lontaiiiinaliun while the leles. iqw ,s lieifiy 
riiiged. 


6 



Tihif I 

Sutnmary of SOT i^Jrfm|l Kti^uucntcnii 


f^ir|c Civlly . Vuluni* 16 tn, Un|lh -6 m. C«*iiy Umi 1 Jin'. Ai.i.c(il. Al* 
ShulUt FUifU: Hu AP/Al • U 417 pu/l *t 14 pH 
V»nl Hn(u (tinfnlt w/(.’«*ity ClnKd V/A • l((\ (IrpHi il * H c.iii 


PAGE IS 
OMAI iTy 


PaiaoMter 



Oihii 1 

Iktifhii lAxidini 

roniin«nt« 


U 1 hr 

1 24 hr 

Vint Area (cm ) 

Ii9(24ln^) 

159 

IS9 

IJalO^ 

159 

Vent area trqutred 
fur AP < 0 25 pat 
dunng launch 
phaM 

Purge Preu (Ion) 

t3(OJ5pst) 

^AMg ’ ’ 

1 


’’Aail*' 

’*AH» ’ vanablf 

(ireH in bay 

Purge Volume R4ic(m^/i) 

0,53 

0.14 -4.2x10"^‘ 

4.2x10-* 


4.2x10"* -0.14 

Quaniliy for 1 hr 
purge: l,'.tin* al 
2000 pm 

Row Velocity (m/i) 

52.6 

14.6 - 309 

309 

- 

309 - 14.6 


TlnM/VolutiK Change 

30 MC 

II4J KC- I.OShr 

1 05 hr 

~ 

1.05 hr - 114.3 MC 


Coniinslnant Inftliiacion 

46d 

45.6d'. 144 hr 

1.44 hr 

0 

1 44 h' -4S.6d 

M}0 

Time Cenaiania 

2l8d 

2l4d-6.78 hr 

ii.7B hr 

0 

6.78 hr-2l4d 

M • 400 kg/mole 

Fraction of ConiamingUon 

7.5xlO'^ 

2.9x1 O'* -0.42 


■MjH 

0.42 - 2.9x10** 

HjO 

PtcMure in Volume al S. State 

IJxlO"^ 

6.lxl0'*-0,13 

■sol 


0.13 -6.1x10*" 

M w 400 kg/niule 

Pieaiutt in Bay (ton) 

- 

761 - .1x10*^ 

3x10-* 


3x10"* - 761 

Pieuuie pioduccO 
by purge w/bay 
door doKd 

Purge Cat Mean Frte Path (cm) 

6x10*^ 

6x10"* - 4x10** 

4X10"* 


4x10'* -6X10-* 

In cavity 

Internal OulfMa 

6x10** 

6x10** -4x10*^ 

4x10'* 

^vac 

4x10*2-6x10** 

Fraction of taici 
m vacuum 

Cii Contamination Depoait 

- 

- 

3 ~ 

lOA 


On 20*C 'degrada- 
tion: 8%absoiption 
at U. V 

Dia. of Paiticict Blown Away (cm) 

IJ 

9.5xl0'^ - 14x10** 

1.4x10*’ 

■ 

1.4x10*' -9x10** 

Maximum dia. fur 
paiticlea at 26 m/i 
(ground) Jt 155 
m/t (orbit) 


*Cfound pMi |4 M ihown pravidtt luf* piotecUon it iipiniA of lir|i flow. Pur|e picxuie can b« loweitd. 


The liM of puucki which will b« iijcctid by the pur|t $** Ixcn cal- 
culiud uiin|iquiUon(72)w|th V, » S26m/i.p> 1.22 kg/m^,Pp >• 2.6 x 
lO’ kf/m’ for tind ind Cq ~ 0.5 for the dcif coefflclenl In the range of 
10 < R < 10^ applicable to a tpherfeal particle (reference 9). The calculatiun 
indicaiei that the particle liae which could be blown away will be ai large ai 
1 .2 cm. The Rcynoldi number la about 21730 for that lUe particle and for a 
dynamic vlKoiily for the air at normal temperatuie of tj ■ IS.txlO^ Pa*i. 

It ii apparent from theie reiulla that by uilngaO.25 piig purging, one la 
orerproteclini the volume at the expenae of a large amount of purguig gat. 
One may want to teduce the ptewuie and/or reduce temporarily the vent area 
during gtound operation. 


Launch Phaie PtotecUon 

During the launch phaae uUog a pretautt controller, the purging prcHure 
thould he maintained at about I torr higher than the decaying external prei.. 
lute. nii> vrill provide a How gut of Ihe volume which will provide an uhita~ 
cle to exietnal cnnliminanta. The flow will be 0.14 m^/i with a velncity of 
14 6 m/i at ttart of the launch phaae aa calculated uiing equalloiit (24) and 
(25). When Ihe exieinal pteaaure < 0.53 loir (in mbit), ihe (low will be 
0 ' 4 2 a KT* mVt |e(iuitinn(2b)l and the velocity will he 309 m/r |ei)ua- 
linn (27)[ . The time conilani (or binilialiiin al 761 Inn (nn Ihe ground) 


will be r * 45.6 dayt for waiet and 214 dtyi fur M " 4(X), and witli the purge 
period of tp " 1 14.3 1 the maximum prciiuie of iheie contammanta in the 
leleteope will be 2.9xlCT* Pp and 6.1x10'* P„. leipeciively. The particle 
sirei which wiU be rejected under iheK conditioni will have diameieit up io 
d.SxlO'^ cm with vehxitiei up to 14 m/i. These leiulli indicate that one 
could UK the I tort purguig piCMute during ground upeiatiuna and the tele- 
aenpe would he lutncienily protected. 


In Orbit Pcotectiuii 

At the end of the launch pha« and in ntbil. tlie puigmg pteaauie will he 
I ton and the hay pieaauie will he leaa than 0,53 Imr. The in oiblt purge 
pteaaure muit provide a aufflcienlly high ptesauie to picvcm intuminggaie. 
out and patticulalc conlwnlnamt; atieal io a laige extern the uitctnai out 
gaiiuiii and be ai low at poHihle lo that the requited amount ol gaa is i 
minimum. This lait rcquiicmenl il imporiani for the Imiilalion on Ihe 
amount of gaa to be carried, and fot the piestute which can he eaial.'iahfd in 
die Shuttle bay while ihe hay diKua aie iloKd The one loir pieaauie was 
xlecled wilh Ihcae cnnaideialintia in mind 

The purge How under these uuidiiions. will he 4 2a HI’' rn’/s and ns ean 
veloclly. 309 m/a. This ilow raie la equivalent to (J " 3 IKalO' tun I /a he 
in Ihc Tli* bjiv with tlfiiifiJ (iomi Iip* ■ vfnlin^ nl 
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•boui 0.5 ni^ whitli niiiMpiinJ* io ■ uHidMf tiiK« hi 0i« irt#:iiui mi'«i iit 
C*1QA - lOnlO* H/i(i«f*r*nn l>. Hit »suiJibnum pUMuii in Ou (i»y 
iilh«nP-Q/C • 3.liii»ar* tun. ThO pitt»uit miy bi c»ui« fui «umc t<«i- 
t»rn Vulii|«brt»kdownmn<l«ii:»rt»inco(iilitiofiicoul(loccu«. Huw«ni. 
oihtr »n»ly»« h»*t ih«t »h« bty ptmun do«« nm diop talow 0u» 

*a|uc until ihiiui 20 ininuKi in mbit ll di(tp» io ibuHl 10 iiin ind 
fimtint •! ih»l k«l l« conBikMbk liiiir. Twkiuif, 0»t adJIUunil pi«uui» 
Joci nut chann lubJUnilaUy 0»« bay pnuura Afwi tb» bay doora upan. iha 
bay pui|Ui| indutad picwin will dfop lubaianlially, ll appaaia ibai lha Oqw 
li aixapubk bawd on lhaia tiiinidaiailoni and lha laci that lha pui|ln|wtll 
laal a limllid amoum of tlma aa wiU ba dlicutaad latai If ll U found unai.i.cp 
labta, ona may pitnWa an aulomaUe pailia) tloiuia of lha aanl aiaa lu limit 
lha flow of laa Into lha bay. It li IQ ba noted that lha pui|in| Oow wiU alw 
hava loma btnalkial affacia U. aiitiUni, mialoi and iianipoolni lha OMl|aa- 
ai(i|in ihaShulUa bay. 

■niaiimacoimanitaacalculaiadforPa I (on.forthainmwauonoftoo- 
laminanli will ba 1.+4 hourt f« walaf and b.78 hooia foi M " dOO. Thaaa 
aaltict and the aoliiiTva fhan|t tlma of 1 .05 hour limit lha muilmuin paiiial 

piaiau laa of lha watar andihaiofiheiaalaoniaminanKM-dOOMoO.dZant; 
U.IJ laipectivaly of llicir m bay piaMMiaS Thfut vahirawa^ iihtaincil by mb- 
fttjiuMon Ui cquaUofti (1 2) wd (IS) of I tofta V/A * l(r d " 8 cm, 

« - 6al0* em. - OJd <mVi. Po " 760 lorr.T » T„. - I* i/mola and 

M ■ 4G0 i/molt. 

While thu pui|a ii on.al P • I ton (h ■ 4xir* tm). lha out|aaain| of lha 
intainal luifKaiwU: ba about 4 paraani of lha valuei they would haya if the 
loud praiwra on ihoia lurfacci wialcM than 4.6x10'* (equaiion (I#)) . Alao, 
loma of the molaculaa ouiiatMd wtU ba lianipoilad out of lha aolum^ by the 
pui|e (low. O ia can raaion that If ihe ouipMini mattrial Iniida the lala- 
tcopa la of lha aama nituia of lha many potymartc matariala (luch aa RTV* 
566 adheaiyas, S-13C paintt and olhara) which hi*e a aaluralad »apoi piai- 
luteofabootP ■ JxlO** loit il normal lempanluie. than the actual vapot 
prenure in Ihc purftd volume will be leu thwi 4%ji3xl0 " 1.2*10 lorr. 

One muit add to Uiia pnuura, the pnuut* created by lha inlUliatlon of 
the axurnal contamlnantt. The In bay partial praaiura of i hmUit contami- 
nant cannot txeaad Hi talunlad vapor pttuurc of JxlfT loir. In fact, ll 

muH be Ian aa dlcuiad by Ha ventlni out of lha bay, via Ihe ihuiUa aide 
vanti. It will ba even Ian when the bay doon lie open. If ona aaaumai. he- 
aver. coniarvativtiy that the outilda coniaminaot partial pteuuta la 3x10’ 
than lha infUttaiad coolaminanl could have a maximum ptcuuia of Sx'.IT x 
0.1 3 ■ 3.6xl(T* lory in the volume. The total partial prauun of the conta- 
minant in the volume will ba iummlni the infUtratad and lha Mlf-pioducad. 
P" 3.6xlOT* ♦ I.ZkIO"* ■ 4.8x 10'* lorr. Thia prtuutt datarminct the lata 
of Impinpmani of contaminant on a tuifaca in the voltime. Since P li leu 
than P . only an idioipiion piocaii can occur and the teliKonihip to be uud 
for the* accuirulalinn of dapoiiu on a lutface it given by equation (18). The 
pDlymatlc material which it beln| contideted at the conliminanl (Meihyl- 
Ptiend-TrtiUoaine) hat an activation energy of about 20 ttcal/mola and M - 
400 g/mola. Ill eojoum lime on a lurfica at T ■ 293 wtU b: t " 
IQ-i J jioo0o/i.«ix29l „5 j»io*i.Tha rate of impingement will be 5.83x 
10’7 (400/293)*' X 4,8xl(r* - 3.269x10"'* g/cmJ/i and lha dapoail which 
can occur wiU be o - * 3.27x10'*® x 8 JxlO' - 2.71x10'* g/cm* with 

the iticUni cocfTIcient taken at one. The dapoait will have a Ihtcknau of 
about 3A aaiumini a denalty ipproximitely equal to that of the walat (p • 

I g/cm*). Aa the flux dimlniahat, »oma of ihia dipoallad coniamlnant may 
actually leave the luiface. 


With legatdi to the infUiJraiion of pariiculaica, thoae paiticlca which ii» 
directed toward the vent at valoelflea of about 1 54 m/i and have dlamaien 
up to I ,4 x 1(T' cm will be rejected by the purge gn The calculation* have 
been carried cut ujing equaiion (21) with rj " 18.1x10 Pa*l,pf " 2.6Sa 
10* k|/m* and v » v,/2 " 1 54 J m/i. The Reynold'! number wa* calculated 
toahout38.uHn|aden*ltyp-Po/7ftO- 1 ,6xl0'3 kg/m» fot the gat. Theie 
eaumatca indicate that the protecUon of Hie teleKope luiface* tgtlnai con- 
Pininamican be provided with I tott. What rema^l to be f 'J*";’*"*® *• * * 
length of lime the purging ahuuld be carried out. Thit lime “"mlied by the 
p, contumpUon tnd by Ihe operational coo.traini*. II ll tugraied Ihtl the 
porguia he cairttd qul for about an hour. The total amount of Ru which will 
be uKd I. about 0.1 m* at a (imMote of 2000 pu. Aflet one himi in orbit 
ihe 101.1 bav prtiaurc wtih the hay doori open it eilim.'ed to he about 10 
lorr (wilhool polling) and the coot«iiinanl outpuing rate, thould diop by 
order of magnitude (Ihe outgauing tale* often drop one order of inagm- 
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tude iltif i»o« tiuuf m v*i.umn lod 2 oidcil ibout 10 huuii) Kmih*i . 
with tlxi biy ofMn, ih« puiiil ut Ui« khftiKitviuUi; AtKiiutiuiuiii 

iuHid previuHily ihould be cunildatably Itit than lO'* lorr ll u lo be noted 
dial many of Ihc maUtUli oatd wjil eal the enraoa thal ih.u toniamuiaiu 
fmllootbeO.Mkuf thtu mm lota when aapoied al 125*1' lot 24 hiwii Vi, 
elio biMd on ihltcriletla. the parllei piewuitiol tontaJimiaoli Uiould Iw I 
Older of meplltude lower ihen that of Ihe loiel pieuuti Al Itw end ol one 
hour . while Ihe puiguig le beuig lenninettd, the ttitk.upe iliould be reived 
(torn lha biy.poinled away Horn lha vclouiy veiiur, Ihe cabin, the enguiei 
end liom the tun The cloiuii door thould be fully open in lliu iiioie ine 
Tied eiinfonmeni which edtuoul of lha bay. Full uuigauang uf Ihe uiteriiei 
tuilacei will rttull However. Ihe looumininl pietiuie in the ieleu.upe wiU 
be eel by Ihe tondociance uf lh« tiutuie doui 1 1 J m die.) and iht oulgeeiuig 

luificci, K» P ~ P, (A,/ *c) »•'*« I*! '* '*'* **'* 

(P, ' I0‘* lull). A, la lha eapoeed tuiftcea of lb* ouigauing n>uicti and A^ 

It tha open door net. The piewuie P cannot be grealci than P, and in fact, il 
will be much late due to lha laigt vent area and the leliiively email aica of the 
oigink mateiitli. tindei lhe« condiuont no iddiuoniJ depotiu cui occur »n 
lurfacei al 20*C nr higher. Sotna dtpoiiu could occur ooiy at a tuilac* neat 
and facingduecUy a toime Thia condiilon Miould be pttvenied whenever 
poteibly by blocking ihe Deld-ol-view. Thii venting cundilion thould be 
maintained ei long aa pottible toanwm On depieUon uf iiioii d die uuigee 
ling, before tofar obiervaUon ta earned out. Pievtout expetKncea would tug- 
gcit'ihat one ahoidd allow al lent 24 hourt foi the oulgaacing rate lo become 
teatonably mall. 

Aa indicated, the maximum depout of contaminant aflet having taken all 
Ihe above ptecauiloni, thould not exceed 3A. Aaauming, however, that ibe 
depoiH la about lOA, an eitlmaie of the effect thal thia thickneii would have 
on the abioipUoo it 121 5 A ridiatloii indicaui. uaing equation (30), thal the 
loM In liantmlttanct would oe about 8.7%. The ibtoipUon coefneiem wai 
taken to be a ■ 9x10’* A*' which waa the averige of the lewlu on trantniii- 
lanco at that wavelen|th of many malerialt uied In tpKt application defer- 
ence 14). 


De-Orbit and landing Pheie 

A pvrgdig could be employed during the reluming phave of the flight. 1i 
would provide: (1) protection againat pirUculawa, tnd odiet gatei and 
vipora Ingeiud by the Shuttle during the re-enUy;(2) e heal conductive me- 
dium to iranifcf heal out of the teleKope; and (3) eliminate tome of the 
expcnwi neceuary foi the refutbithmeni of Ihe lelticupe. One would need 
to maintain a pui|in| pieiaute illghUy highei than ihe bay ambient prcMuie 
which would be incieaaini aa the Shulde deurenda. The purge .upply tyvem 
thould have a reiponK lime ai fait u the prtiiute incrcMct in the uey and 
would require a pretaure conlroUet performing the reverie function of the 
one uied foi the liuneh phaie. A method lo reHrtci the lelcKope venting 
patMge before the reentry could facUiUle Ihii p.olecUve approich. Thi* it 
poiaibte becauM during reentry oteiiuie chinget occur more gradually than 
thoK during launch. The para., -leni for the two exttemet of puigmg. in or- 
bit and on ground, with I terr preiture dlffertnUtli are indicated in the turn- 
mary table. 


f nncluiloni and Hecommendetiont 

A method hu been developed to evaluate the prouelion offered by gai*- 
uut purgini of an initrument againii extemili and wiemal gtieuut and par- 
ticulate contaminant*. The piotecUon It needed while the inttiimeni .ton 
the wound and in the ShulUe bay during launch, leenlry and Ofbimig. Opei 
atlonal and other leilfictiont have been contideted in the devekipinenl 


The analytii of the letulw indicate* thal maintaining a pieHuct oi about 
1 tort above the exieriiai envirunment m Ihe initrument may afford tullic 
enl pioleturm againat InmiraUon of gcieoua and parllcultle conttminanl. 
and abata lufflclentiy the Inlemal lelf-gentraled cooUmlnant oulgat^l 
the yen dlmenaione which a.t dictated by pteaiuie diffeienlial. develo(wd 
during leunch.eilaWldi the purge gaa How end the gat quantity needed (or 
Ihe purging. 


Ihe prevention of cunummam* mniiiaUon hat been e.aluaieil ,n lermt 
,.f the lime eonit.nl for a ga. to inHHr.ie a vent. JiffuK m Ihe volume and 
,he purge bme for one vo'ume chwige The conlamuiani prettuie which , an 
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Im buJl ID Uic «u(HrT>* II * fuiikUon •>! ihi tliKuuun ul • fit U)H> 

inultiri II ililfiiini pnaun, th< me iil ih« eujunw, ilit tciil iica Mid lU 
l•ll(t^ Mid I chifi>..lciiiljc diininiiun ut ibi «»luin( 

{hi M|{-cunuuTUfUUun u pravinud by ihi hifh pnuuii which icducti 
lilt uul|iHin| iilii u( the iiiitiilili In llit xiluint. Die i nil cunununuil 
prtHurt in liii tuluiiw ii ubliuitd by ihi lupuptniuon •>{ tht Uilllliilid uid 
Mtr-|iniriitd pciuuni. T>i luul cunuimnini dipuni uii i luitici cmi bt 
litunaud burn un Ihi prauun, chiniKil piupiilMi iiid the itiiipcmuit uf 
tht ivi{k« bunt cimUimnilid. In turn, in iiiuniu ut liii upacil d«tiidi- 
imn uf Ihil luifKi ii gbuinid UBniiipfiuncnlil dila un lilt ibiuiphun uf 
lilt cunlimlninl il ciiliin wiviltn|tht 

The piuucuon i|iuut pMUcidiit cuniumninuinitrmi ihe tulumt ii 
prundid by lilt dii| roicci on the piillctii pioducid by Hit ytlnctiy, dtnilly 
ind viKiMUy ni iht puite |ii at the tint cut. 


* lilt viilMiiit. whde lilt puigc It bting itniiuiaitd. Umuli'. he lilird 
liimi lilt bay and lolly vtjiitd wiih lilt laiii piiiniad away Iimim ihi- 
Ion, vtlocily ycclui , tnfinti. cabin 

■ Iht paiaiyt, lull ycni nulfataint limuld >>t lUnwtd l>< cixiluiur tm 
about it houii oi lungti bcloic tajMiting iht yolurnr to Hit mn amj 
uiillait optiiiiuna 

* Halhoda lu (iilrkl Iht ytnl piata|t tiiiiti inanutlly oi auiointin 
aliuuld bt tiplund. PiiUaliy ilntuit llio itiil. on giouiid, in oibii and 
iteniry could utt laigt aimiunla ol puigt t*<i and ollri addiimnai 
piuticUun In uibtl, tht pui|e induced piritiiit in iht hay would aloi 
bt itductd 

* Tht drplli ol lilt «t|<t paiugr diuuld hr 41 |oii| at |>tiiiiiuib|r I tm 
would tairnd Ihr inliHialion unit < oniiiiii 


The pui|t |ai fluw laiti and vcliKillta hate bc'cn caiculalcd m itnni ii( tiie 
prtuuit dinciinUal, |u Itmpciatui* and moleculat miaiti. Canaidcrauoni 
un lilt picMufci which the pwi|t How would pioduce In the Shultlt bay,un 
lilt amount of ilored gaa which can bt earned alonp and on the length ol 
lime dunng which puifmg and free ouigataing can be camed out without in- 
leifering with the Initiumcnt operational lequiicmenU, have been taken Inlo 
account. 


The rindingaof the analyUi have been appU d 10 a tolar leletcopc whkh 
hat a volume can lyofaboui Ibm^ withanapeiiuie door wiihinaieaof 
about U m to be opened on command. The lummiry Table I Indicaiei the 
purging icquirementt, the luggeiud timei for purging and fice outgataing, 
and the protection which the puige will ofTcr. The vent aiea which it needed 
becauie of lUuciural integrily duilng ihulile launch, haa been calcvlaled to 
be about 24 Durtnigiownd operaiioni and launch, the venting through 
the above area with a paatagewa/ about 8 cm lung of the nitrogen gaa at a few 
loir hi^er than Ihe ambient prenure, offet ample protection againil giKoci 
and paniculate coniamininM. In orbit the purging at 1 torr, will limli extcr~ 
nal and internal contaminant ptCMure to about 0.1 the pftuurei which would 
be olherwtae expected. PanicleaafdiameleruptoO.I mm with ipeedt up to 
I TO m/a will be ptevenicd fram enieiing the volume. The putgini ia expected 
to ind'Ke in the Shuttle bay with doon doted a pttaiuit of about 2x10' ’ 
torr. The amount uf purge gaa for Ihe recommended one hour purghig ia 
equivalent to 0. 1 at 2000 pal. The puigbig and the tubKquen I full vent - 
ing are expected to allow contaminant depoaiu on volume lu .'acei of about 
.T-IOA. A lOAdepoiil can pioduce about 8%abion>tion ofUV ladlatloni. 


The ioUowing lecommendaUont, bated on the above analyni and oihet 
expeiiencet,can be offered: 


• iiiiemal and external tutfacca thould be maintained fice of gxKoui and 
panic uiate depoeia during the varioua phaaea of manufacturing, attem~ 
bly, lent, etc. 

• Maieritit employed with Ihe Inilrument ihuuld be iclectcd to have low 
outgataing ratca with a minimal fraction of condenaable producti. 

• The expoKd tuifacea in the initiumcnt uf oiganic materials thould be 
a minimum. 


• Cntical lurficci ihuuld be shielded fium knuw.t uuigaaiing luuicei, 


a The ctiNiure door oi the volume liiould he ttghi dunng puipng at to 
preyrni additional low oi puiguig gat or prruu'e 


Kefeiencei 

I Duthman.S.. Scientific 1-uundaUunt u| Vacuum Techmguet . I M 
Lafferly cd., 2nd F4iunn, New Yoik, Uindun. John Wiley A Sunt, 
Inc., pigeibb, SSI, 21. 

2. Ainccican Iniottle of Phyiici Hindhnuk, 2nd fdittnn. Mctiiaw^llill 
Book Co., Inc., pagei 2-2TT. 

3. Handbitok uf CTicnuatry and Phyiict . 4hih hdilion. The ( hemical 
Rubher Co., Cleveland, Ohio, page F^3. 

4. Sciildone, J. I,, "Water Vapor Pieiiurc Conliol in a Volume," NASA 
Technical Paper 1172, March 1978. 

5. Malivaai. C.. Vademreum per L'lngenneie Ciiiiiliutnne Meccanuu , 

V. IfoepU, Ed., Milano, Italy, 14th Edition, page 1407 

6. Tvenkoi, P. N., Phyiici of the Atmi.ipheit-A Coune in Heteoiolog c 
fTiani. from Ruiaian), NASA TTF228, 196S. page 28h. 

7. Petrv. R. H.. and ClUllon.C. H.. Chemical Fnpnecnna Handboo k, 

Sih Edition, McoiaW'Hill Btiok Co., New York, 1973, page I3S8 

8. BaicngolU, J., and *idgart, D.. "The Helucatioii ol Paniculate Coii- 
laminiiion During Space FTighi", Jet Piupuliion Eaburaiury . T'MT.I- 
73 1 7. September I97S. 

9. Ruuk, H., Elementary Ruid Mechanici , New York, John Wdey A 
Sum, Inc., page 249. 

10. Ugei, L. J.. “Oxygen Atom Reacllnn with Shuiuc Mairnali at Orbital 
Aitiludei, AJAA paper 83-0073. January 10, R3, Reno. Nevada 

It. Sciildone, 1. J., "Ataciimcnl of Shuttle Payloads (iaaeous Environ- 
ment". Pioceedings ESA Symposium on Spaceciili Miicnals, The 
Nelheilands, October 1979, ESA SP-145,page nil. 


• ('niicaJ sutfacei should be kept (wiili heaieii) at tempciature sUghlJy 
higher than the othen. The heeien may also be needed to maintain tlic 
system at certain lemperatiirei, If it is expened to the cold of space. 

• (Irouml puigtng should be carried out with pressuits a lew imt highet 
■ban Ihe total ambient ptesiuie. 

• launch and reeiiliy purging requites a variable ptesiutr one torr higher 
than the environment pieMure. 

• The puigr picssure while in mbit is about one lorr and the purge 
should continue for about one hour The amount of purge gas for the 
telescope will he shout 0 I m^ at 31X10 pii 


12. Sciatdonc, J. J.. "A Fieliinina.y Aiiessnienl ol the Selt-Induced 1 11 - 
ntunmcnl and Coniimlnaiion of Ihe Spite Telcsciqie". Proceedings ol 
Inteinaiinnai Symposium on Matriials m Spaie. toulouse, I rani.e, 
Juiic1S(t2. hSA SP l is.page 107 

1 .1. Anon, "ICI)'2-l9tXll, Shuttle Oitiiier/<'aigo Slandaid Inierlsct ' 

NASA. ISC 07700. Volume XIV. Revision t. , 1080, figure 10 h I .M 

14. Muicirt. J. A.. “Nun Metallic Milciiili lontaminilion Sludits" 

Maim* MineiiaCotpofiUon Technical Repoii.t iiniin 1 oecaa^h 
7PI,. Denvei. Co.. Detembei Ih, IO 80 


